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Ruptured Intracranial Aneurysms
By W. T. E. MCCAUGHEY, M.D.
The Institute of Pathology, Belfast
THOUGH there were numerous references to ruptured intracranial aneurysms and
to various forms of apoplexy in the early literature, widespread recognition of the
clinical syndrome of spontaneous subarachnoid haemorrhage and of the importance
of intracranial aneurysms in its causation dates from the years following the
stimulating observations of Symonds (1923, 1924). Since then numerous excellent
papers and several monographs have greatly expanded our knowledge of these
aneurysms and their complications, whilst improved neurosurgical techniques have
allowed some measure of effective treatment. At the same time it has become clear
that in a small proportion of cases spontaneous subarachnoid haemorrhage may
result from a number of other conditions of which the most important is intracranial
angioma.
By far the most common and important form of intracranial aneurysm is the
"berry" or "congenital" variety. During the years 1937-56 one hundred and two
cases of ruptured berry aneurysms have been recorded in the post-mortem files
of the Institute of Patho!ogy, Queen's University, Belfast. A review of these cases
confirms many of the well-established facts about this condition, but also emphasises
a number of less well-known points and raises several controversial issues.
INCIDENCE.
These one hundred and two cases occurred in a consecutive series of 11,200
autopsies giving an incidence of approximately 0.9 per cent. As neonates accounted
for somewhere in the region of one-third of the total number of autopsies, and since
only five cases of ruptured aneurysms occurred in persons below the age of 20,
the incidence in adults is clearly somewhat higher. In addition, eleven cases of
subarachnoid haemorrhage for which no cause was found were recorded in the same
series of autopsies, and it is likely that an aneurysm was missed in at least several
of these. In ffteen further cases unruptured "berry" aneurysms were noted; the
majority of these were incidental findings. This figure is obviously well below the
true incidence of berry aneurysms as a detailed examination of the cerebral vessels
was not carried out as a routine and also because the brain was not removed in
an appreciable number of cases.
There was no significant seasonal variation in the incidence of ruptured
aneurysms.
AGE AND SEX DISTRIBUTION.
In recent years it has become clear that while berry aneurysms may rupture at
any period of life, the peak incidence occurs between the fifth and seventh decades
and not as formerly thought, in young adults. This fact is clearly illustrated by a
111number of large groups of cases of both spontaneous subarachnoid haemorrhage
and ruptured initracranial aneurysm reported in the literature (Taylor and Whitfield,
1936; Richardson and Hyland, 1941; Hamby, 1948; Ask-Upmark and lngvar,
1950; Dinning and Falconer, 1953; Stehbens, 1954; Walton, 1956); and also in
the present series as shown in Table 1.
TABLE 1.
0-9 10-19 20-29 30-39 40-49 50-59 60-69) 70-79. ? tOTALS
Males -1... 1 ... 4... 4... 10... 1:3 ... 4.37
Females -- . 3 ... 6 ... 11 ... 16 ... 11 ... 11 ...4 ... 3 ... 65
TOTALS -1... 4 ... 10... 15... 26... 24... 15 ...4 . 3 ... 102
It is apparent that a considerable proportion of aneurysms will rupture in the
age period when primary intracerebral hamorrhage is common. Stehbens found
that the arithmetic mean age of 353 cases of primary intracerebral hamorrhage
was only 6.5 years older than that of 180 cases of ruptured berry aneurysm.
A number of reports suggest that there is a significant female preponderance in
spontaneous subarachnoid hwmorrhage and ruptured intracranial aneurysm though
only rarely has the excess been comparable to that in the present series (Wilson,
et al., 1954; Dinning and Falconer). In only one large group has an appreciable
male preponderance been described (Helpern and Rabson, 1950). The available
statistics do not indicate whether this female preponderance is due to a higher
incidence of intracranial aneurysm in females, to an increased tendency for rupture
to occur, or to a combination of both factors.
PERIOD OF SURVIVAL.
The time elapsing from the onset of the haemorrhage to death in those cases in
which this could be accurately assessed and in which there had been no operative
intervention is shown in Table 2.
TABLE 2.
Sudden 1-12 hours 12-24 hours 1-3 days 4-7 days 1-2 weeks 3-4 veeks 5-7 weeks
6 ... 17 ... 10 ... 8 ... 13 ... 7 ... 9 ... 3
It can be seen that approximately 45 per cent. of deaths occurred within twenty-
four hours and that roughly one-fifth of these were sudden in the sense that death
appeared to occur within a matter of minutes.
The importance of spontaneous subarachnoid haemorrhage as a cause of sudden
or unexpected death is shown by the fact that both Simpson (1947) and Helpern
and Rabson found that between 4 and 5 per cent. of such deaths resulted from
this cause; Dinning and Falconer collected two hundred and fifty cases of sudden
or unexpected death due to ruptured "berry" aneurysms from Simpson's forensic
practice. Numerous clinical reports indicate that death following spontaneous
subarachnoid haumorrhage is most likely to occur in the two weeks following
the initial haemorrhage and the present figures support this conclusion.
112SITUATION OF RUPTURED ANEURYSMS.
Table 3 shows the distribution of the present series of aneurysms.
TABLE 3.
Middle cerebral artery - - - - - - 37
Anterior cerebral and anterior communicating artery - - 36
Internal carotid at the level of the posterior communicating branch - 11
Bifurcation of the internal carotid artery - - - - 7
Internal carotid artery - - - - - - 2
Posterior communicating artery - - - - - 4
Bifurcation of the basilar artery - - - - - 2
Junction of the vertebral and basilar arteries - - - - 1
Superior cerebellar artery - - - - - - 1
Posterior inferior cerebellar artery - - - - - 1
102
It can be seen that almost 93 per cent. of the aneurysms were situated on the
anterior part of the Circle of Willis. Aneurysms were almost equally distributed
between the right and left sides of the circle. The great majority occurred at points
of arterial bifurcation.
These figures, while generally comparable to most surgical and post-mortem
figures concerning the distribution of berry aneurysms, emphasise a point made
by Robertson (1949), Dinning and Falconer, and others: namely, that in most
post.mortem series as compared with surgical series there is a dearth of aneurysms
situated in the supraclinoid po.rtion of the internal carotid and an excess of
aneurysms situated on the middle cerebral artery. In the present group only
11 per cent. of aneurysms were situated at the junction of the internal carotid and
posterior communicating arteries, whilst in a recent surgical series of comparable
size 44 per cent. were located in this situation (Falconer, 1954). One explanation
of this discrepancy is that it is very difficult at necropsy, when the basal cisterns
are filled with blood clot and the arterial topography distorted to decide where
the internal carotid artery ends and the middle cerebral artery begins (Dinning
and Falconer). Against this is the fact that, in the present series, the great
majority of middle cerebral artery aneurysms were situated at the first and second
bifurcation of that artery and therefore sufficiently far removed fron the internal
carotid to avoid confusion. A more readily acceptable explanation would be that
middle cerebral aneurysms are less susceptible to arteriographic diagnosis than
internal carotid aneurysms. In addition, the natural death rate of aneurysms at
the junction of the internal carotid and posterior communicating arteries has been
noted to be somewhat lower than that in most other situations (McKissock and
Walsh, 1956).
MULTIPLE ANEURYSMS.
In a review of 2,237 cases of intracranial aneurysm collected from reports in
which the percentage of multiple aneurysms was clearly specified, Bigelow (1955)
observed that slightly over 10 per cent. were of multiple lesions, while in a further
113fifty-six cases of intracranial aneurysm collected from the autopsy files of the
Albany Hospital, New York, he found the incidence of multiple aneurysm to be
16 per cent. Wilson, et ai. (1954), noted multiple aneurysms in just over 20 per cent.
of their large series of intracranial aneurysms. The fact that detailed search may
reveal an even higher percentage is suggested by Stehbens' finding of multiple
aneurysms in 25.5 per cent. of forty-seven cases examined personally. In twenty-
five of the cases of multiple berry aneurysm referred to by Bigelow the aneurysms
were symmetrical and bilateral; the internal carotid or middle cerebral artery was
involved in twenty-three cases, the anterior cerebral in two. There was. a slight
male preponderance. In the present series multiple aneurysms were present in
ten cases (10 per cent.) and all were females. In eight of these two aneurysms were
present, in one three, whilst in one case the number was not stated. In five of
those cases with two aneurysms they were symmetrically placed on the right and
left middle cerebral arteries.
The association of "berry" aneurysms and intracranial angiomas has occasionally
been described. A case of subarachnoid hamorrhage in which these two lesions
were present is recorded on the files of this department (see art inset). It was
not included in the present series as the source of haemorrhage was not definitely
established.
CHARACTERISTICS OF THE RUPTURED ANEURYSM.
In the majority of cases the records gave some indication of the size of the
ruptured aneurysm by either a measurement or by comparison with such objects
as a "pea" or a "walnut." The range was from a few millimetres to some four
centimetres; the majority appear to have been less than 1 cm. in diameter. This
is similar to the experience of others (Wolfe, 1953; Dinning and Falconer;
Williams, et al.). Williams, et al., state that the size of the aneurysm does not
appear to influence the incidence of rupture significantly, and a review of the
present cases, together with fifteen cases of unruptured berry aneurysms, shows
no reason to doubt this conclusion. In several cases aneurysms were noted to be
loculated or foliate in appearance, but the majority appear to have been saccular.
In only a small proportion of cases (28 per cent.) were aneurysms examined
histologically. In all of these the aneurysm sac consisted mainly of fibrous tissue.
In several, small amounts of elastic or muscle tissue were present in the wall of
the sac, whilst in a number of cases such changes as haemosiderosis, inflammatory
cell infiltration, fibrinoid necrosis and calcification were described. Atheromatous
intimal thickening and old and recent thrombus formation in the sac were also
observed.
OTHER CHANGES IN THE CIRCLE OF WILLIS.
In only eight cases (8 per cent.) were malformations of the Circle of Willis
described in association with aneurysms. In two of these cases there was a
hypoplastic posterior communicating artery, in one a hypoplastic posterior cerebral
artery, while in five there were minor abnormalities of the anterior cerebral and
anterior communicating arteries. In the majority of the other cases it is clear
that the cerebral vessels were not adequately examined from this standpoint.
Falconer and Bigelow have each found anomalous development of the Circle of
114Willis in 33 per cent. of their cases, whilst Wilson, et al., noted anomalies in
118 out of 124 cases.
No detaile(d reference was made in the majority of cases to the degree of atheroma
and arteriosclerosis. There was no reason to believe that the incidence of these
degenerative changes differed from average.
PATHOLOGICAL CHANGES PRODUCED BY RUPTURE.
In fortv-two cases (42 per cent.) haemorrhage was entirely confined to the
subaraclhnoid space or associated with only slight haemorrhage into adjacent brain
tissue. In thirtv-one cases there had been considerable bleeding into both the
subarachnoid space and the adjacent brain; in twelve of these there was direct
rupture into the ventricular system. In a further twenty-three cases rupture was
almost entirely or completely intracerebral and in the majority of cases involved
the ventricles, often with subsequent escape of blood into the basal cisterns from
the fourth ventricle. In the six remaining cases there was some degree of subdural
hwmorrhage. In only three cases was this considerable and in no case did it
appear to be the most significant site of bleeding. In three of these six cases
subdural and subarachnoid haemorrhage were combined, whilst in the other three
cases there was also conspicuous intracerebral haemorrhage. The high incidence
of severe intracerebral haemorrhage (57 per cent.) reflects the experience of most
workers (Robertson; Richardson and Hyland; Hamby; Wilson, et al.; Stehbens;
Williams, et al.), and indicates that in a number of cases clinical distinction from
primary intracerebral haemorrhage may be difficult. Roughly 70 per cent. of those
aneurysms situated on the middle cerebral artery and approximately 50 per cent.
of those situated on the anterior cerebral circulation and the terminal portions of
the internal carotid artery showed significant intracerebral haemorrhage. While
the close apposition of the brain and protrusion of the aneurysm into cerebral
tissue are clearly the most important factors in dictating this complication, a
further important influence is indicated by the fact that ten out of twenty-three
cases in which rupture had been almost completely or entirely intracerebral, local
meningeal fibrosis resulting from previous subarachnoid haemorrhage formed a
barrier to further htmorrhage in this site. In several of these cases the clinical
history indicated that subarachnoid hoemorrhage had occurred some weeks
previously.
In all, twenty cases showed evidence of previous haemorrhage as indicated by
meningeal fibrosis and haemosiderosis, or in three cases by the formation of a
false aneurysm sac within the cerebral tissue. This is probably considerably lower
than the true incidence as recent haemorrhage may mask evidence of old
hwmorrhage while in other cases evidence of old haemorrhage may not have been
sought for or noted. The clinical histories of a number of cases dying more than
a few days following the initial hwmorrhage suggested that further haemorrhage
had taken place. The post-mortem protocols generally contained insufficient
reference to the age of the haemorrhage to allow accurate confirmation of this
point. In five cases recent cerebral ischaemic lesions were noted. In two the
softening was adjacent to the site of the ruptured aneurysm, in two it affected
115the vascular territory of the vessel on which the aneurysm was situated (middle
cerebral), whilst in one case in which the ruptured aneurysm was situated at the
junction of the left posterior communicating and internal carotid arteries there
were bilateral recent softenings in the anterior portion of the basal ganglia. The
occurrence of such ischamic lesions in association with ruptured aneurysms is
widely recognised, though their incidence varies considerably in different reports
(Wilson, et al.; Walton). It seems likely that vascular spasm due to irritation
rather than pressure or thrombosis accounts for the majority of these lesions.
In four cases in which there was extensive intracerebral rupture, uncal herniation
was associated with numerous small haemorrhages in the midbrain and pons; the
hamorrhages presumably resulting from lateral pressure on the midbrain. This
complication of ruptured berry aneurysm is referred to be Feigin (1955).
OTHER POST-MORTEM FINDINGS.
In the majority of cases death was directly attributable to the intracranial
hwmorrhage, though in a small proportion of cases death was clearly precipitated
by arteriography or operative treatment.
In the fifty-eight cases in which a full post-mortem was carried out severe
pulmonary cedema and terminal pneumonia were common findings. Of a variety
of other pathological conditions described, only two-congenital abnormalities
and hypertension-were of significant frequency. Malformations were present in
seven cases (10 per cent.) and consisted of one case of each of the following
conditions: congenital cystic disease of the kidney and liver with an aneurysm
of the splenic artery, congenital cystic disease of the kidneys, congenital cystic
disease of the liver, syringomyelia, coarctation of the aorta, angioma of the spinal
cord, and multiple pancreatic spleniculi. From the many reports on this subject
it is obvious that there is a higher incidence of congenital malformations in
association with berry aneurysm that would be expected in a random sample of
the population. This relationship is particularly striking in respect of anomalies
of the Circle of Willis and the kidney, and also coarctation of the aorta. Its
existence lends strong support to the view that the occurrence of berry aneurysms
is at least partly related to a developmental vascular defect. The subject is reviewed
by Bigelow (1953) and Walton.
Some degree of arterial hypertension was noted in a considerable proportion of
cases on admission to hospital following the ictus. As is well known, however,
the blood pressure is often raised during the acute phase of the illness and subsides
as the condition improves. Post.mortem evidence of hypertension in the form of
left ventricular hypertrophy was found in twenty of the fifty-eight cases having
a full post-mortem examination. Table 4 shows the age distribution of hypertensives
in relation to the age distribution of the total number of post-mortems.
TABLE 4.
Age 0 -10 - 20 - 30 - 40 - 50 - 60 - 70 - 80
No.ofcases - - 1 ...3.. ..12. 11 ... 12 ... 9 ... 4
Hypertensives -- ... ... 1 ... 6 ... 5 ... 5 ... 2
116Fifty per cent. of those cases over 40 years of age were hypertensive while only
two (9 per cent.) of cases under 40 years were affected. A number of other cases,
of course, may well have had functional hypertension with no organic changes.
Previous statements concerning the presence of hypertension in cases of ruptured
berry aneurysm have been contradictory. Falconer (1954) stated that its incidence
was not appreciably raised, while Wolfe (1953) found evidence of left ventricular
hypertrophy in only eight out of forty-seven cases and Russell (1954) in twelve out
of ninety-six cases. On the other hand, Wilson, et al., noted left ventricular
hypertrophy in twenty-seven of forty patients below the age of 40, while Stehbens
on autopsy evidence considered 57 per cent. of one hundred and fifty-six cases of
berry aneurysm, the majority of which had ruptured, had pre-existing hypertension.
The 50 per cent. incidence of left ventricular hypertrophy in the 40-60 age group
in the present series appears somewhat higher than might be expected in a random
sample of this age group in the general population, but with such a small number
of cases no conclusions can be drawn. It is worthy of comment that the peak
incidence of aneurysmal rupture (fifth-sixth decades) occurs at an age period when
the incidence of essential hypertension is rising steeply, thus suggesting that
hypertension may be of some importance in precipitating rupture in this age group
either as a direct result of the raised arterial pressure or by its accentuation of
vascular degeneration.
A significant relationship between the occurrence of ruptured "berry" aneurysm
and pregnancy has been suggested. In the present series only one case showed
this association.
OTHER CAUSES OF SPONTANEOUS SUBARACHNOID HAEMORRHAGE.
Excluding cases in which a primary intracerebral hamorrhage had ruptured into
the subarachnoid space, spontaneous subarachnoid haemorrhage not associated
with berry aneurysm was noted in 27 out of the 11,200 post mortem cases reviewed.
The causative lesions are listed in Table 5.
TABLE 5.
Bacterial endocarditis (with a ruptured mycotic aneurysm) -
Bacterial endocarditis (no aneurysm found) - - -
Staphylococcal septicawmia (no aneurysm found) -
Meningitis (no aneurysm found) - - - -
Syphilitic arteritis
Angiomatous malforniation - - - -
Angiomatous malformation associated with an aneurysm (? SOt
haemorrhage) - - - - - -
Atheromatous aneurysm
Purpura
Eclampsia - - - - - - -
















117Ruptured aneurysms therefore accounted for just over 80 per cent. of these
cases of spontaneous subarachnoid haemorrhage. In only two cases was an
angiomatous malformation definitely the cause of bleeding; this low incidence is
similar to that noted in other post-mortem series of spontaneous subarachnoid
haemorrhage (Taylor and Whitfield; Richardson and Hyland; Wolfe; Walton)
and contrasts with an incidence of around 10 per cent. in clinical series (Falconer).
It is likely that this discrepancy is largely explained by a lower mortality rate in
ruptured angioma as compared with ruptured aneurysm. In addition to the
causative lesions listed in Table 5, spontaneous subarachnoid haemorrhage has
occasionally resulted from a number of other systemic and intracranial conditions
(see Walton).
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118RUPTURED INTRACRANIAL ANEURYSMS
A "berry" aneurysm of the anterior cerebral artery associated with an angioma
in the frontal lobe
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